A Recombinant 12-His Tagged Pyrococcus furiosus Soluble [NiFe]-Hydrogenase I Overexpressed in Thermococcus kodakarensis KOD1 Facilitates Hydrogen-Powered in vitro NADH Regeneration.
Soluble hydrogenase I (SHI) from the hyperthermophilic archaeon Pyrococcus furiosus is a heterotetrameric [NiFe] hydrogenase that catalyzes the reversible reduction of protons by NADPH into hydrogen gas (H2 ). Here, the authors expressed the four αβγδ subunits of SHI encoded by one gene cluster in another hyperthermophilic archaeon, Thermococcus kodakarensis KOD1, which uses its hydrogenase maturation apparatus without the coexpression of native P. furiosus hydrogenase endopeptidases (maturation proteases). The SHI overexpression of T. kodakarensis resulted in more than 1200-fold enhancement in the hydrogenase activity of the cell lysate compared to that of the host strain with an empty vector. An active, purified 12-His tagged recombinant SHI (rSHI) is obtained by one-step affinity adsorption on nickel-charged resin. Size-exclusion chromatography show that purified rSHI is heterotetrameric and has a molecular mass of 150 kDa. The purified rSHI has a half-life of 70 h at 80 °C. This rSHI is used to design a novel in vitro synthetic enzymatic biosystem to convert pyruvate and H2 gas into lactate in a theoretical yield, whereas rSHI is used for NADPH regeneration; an FMN-containing diaphorase (DI) is used to match NADP-preferred SHI and NAD-preferred lactate dehydrogenase (LDH). This study provides a cost-efficient method to obtain hyperthermostable hydrogenases, which can be used in in vitro synthetic enzymatic biosystems for cofactor regeneration and hydrogen production.